
In the dataset used, donkeys have 37 parasite species and zebras have 24 parasite 
species, with 13/48 (27%) of the parasite species found in both host species.  
 
Although the zebras have fewer parasite species, the results indicate that zebras 
contribute to donkey parasite burden almost as much as donkeys contribute to other 
donkey parasites. The estimates from the simple mean and zero-inflated Poisson (ZIP) 
models are similar, but the mean model estimate is slightly higher, 0.99 compared to 
0.98. Donkeys have a much lower influence on zebra parasites, but it is still a large 
overlap, with a transmission risk index of about 0.58 using the ZIP model. When the 
simple mean of abundance is used, the value for the influence of donkeys on zebras is 
much higher, about 0.68. In both directions of transmission, the 95% credible interval 
calculated from the posterior distribution of the Bayesian ZIP model does not include 
the values that are calculated using the mean of the data.  
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Introduction 

Many parasite species are generalists which infect multiple host species, while each 
host may harbor many species of parasite. Parasites link other species within an 
ecosystem, and may affect competition between species. For example, parasite-
mediated apparent competition may cause exclusion of grey partridges from areas 
where pheasants are present (1, 2).  
 
A better understanding of the degree of sharing of parasites between wild and 
domestic species could influence management strategies for parasite control in 
livestock in areas where grazing land is shared. In addition, transmission between 
species may have an impact on the spread and evolution of drug-resistant parasites. 
For example, wild deer in the UK can carry and transmit anthelmintic resistant 
nematodes (3).  
 
Community ecologists analyze bipartite networks of two trophic levels (such as 
parasites and hosts, or plants and pollinators) to determine generalist and specialist 
species and characterize the interactions within the network (4). Indices of specialism 
are generally calculated directly from observed interaction data without accounting for 
error from false zeroes. 
 
Here I describe the use of a Zero-inflated Poisson (ZIP) Bayesian hierarchical model to 
account for the high proportion of zero counts and incorporate uncertainty into 
calculations of parasite diversity and abundance in a bipartite network framework. I 
demonstrate the use of these results in a simple model to determine the risk of 
transmission of nematode parasites between two sympatric host species from 
Southern Africa: donkeys and Burchell’s zebras. 

Discussion and Further Work Glossary 

Apparent competition is when the presence of one species decreases the 
fitness of another species through the increased presence of a shared enemy.  
 
Bipartite networks in ecology represent the links between two trophic levels, 
such as hosts and parasites, plants and pollinators, or predators and prey. 
 
False zeroes are where no link was found between two species when the link 
actually exists. False zeroes can be caused by sampling sites or hosts which by 
chance are not occupied, or by failing to detect (or incorrectly classifying) a 
species (6). 
 
Sympatric species exist in the same geographic area. 

Methods 
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Results 

The results presented here indicate that by accounting for zero-inflated count 
data, we change the estimate of the transmission risk between species. Because 
parasite counts are generally aggregated, using a simple mean value will not be 
a good representation of the parasite distribution. In addition, by using Bayesian 
methods to calculate the results for the ZIP model, the result is a credible 
interval rather than a single value that does not account for error. 
 
The ZIP model to calculate parasite abundance may be extended in a variety of 
ways, and taxonomic levels or other characteristics that may be related to host-
parasite interactions can be incorporated.  
 
There are many factors that could be included in a quantification of the risk of 
transmission between pairs of host species. This transmission risk index is a very 
simple measure of parasite overlap between hosts. It does not explicitly 
distinguish which species are shared, and whether these are the parasites that 
are likely to cause harm to the hosts. I would like to incorporate a weighting 
factor which describes the relative virulence of a particular parasite species to a 
host species. It would also be useful to look at the relative abundance of 
different host species and the proportion of the time they graze in the same 
area. Adding these elements to the model will allow me to make a more explicit 
prediction of the expected overlap between nematode parasites infecting many 
different host species beyond the simple example presented here.  

Burchell’s zebra 
(Equus burchelli) 

Domestic donkey 
 (Equus asinus) 

Transmission Risk Index 
I developed a simple index to calculate directional transmission risk of 
multiple parasite species between sympatric hosts. The index value is 
relative to a within species transmission risk of 1. 

The result of the calculations is a matrix of pairwise relationships 
between the included host species, with values of 1 on the diagonal. 
Because a characteristic abundance of the parasite species is used 
that does not depend on the host species, the off-diagonal elements 
will always be less than 1. However, I plan to extend the index to 
incorporate host-specific scaling factors, such as relative impact of a 
particular parasite species on each host species. 
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The numerator is the sum of characteristic 
abundance (λ) for each of m parasite species 
found in both the receiving host (Hr) and the 
donating host (Hd) 
 
 

The denominator is the sum of characteristic 
abundance (λ) for each of n parasite species 
found in the receiving host (Hr) 

Calculating Parasite Abundance 
I used a zero-inflated Poisson model to estimate the characteristic abundance 
(λ) of each parasite species (5). The results were calculated by implementing a 
Bayesian hierarchical model with MCMC simulation in the R package R2jags. 
The model is fit to data of counts of parasite species j within individual hosts of 
species i. The data was gathered from published articles which described post-
mortem parasite counts within individual donkeys and Burchell’s zebras (7–10). 
The result is an estimate  for parasite abundance  which accounts for zero-
inflation, and provides credible intervals for the estimated values. For 
comparison, I also calculated the mean abundance of each parasite directly 
without accounting for zero-inflation.  
 
The count data Yij are fit to a random realization from a Poisson distribution with mean μij.  

𝑌𝑖𝑗~𝑃𝑜𝑖𝑠𝑠𝑜𝑛 𝜇𝑖𝑗  
 
In the most basic version of the model, the mean abundance μij combines the binary variable 
host use (θij) with characteristic abundance of the parasite in a host (λj), so that μij is 0 if θij = 0 
and λj if θij = 1. 
 

𝜇𝑖𝑗 = 𝜃𝑖𝑗𝜆𝑗 
 
The host use values θij are modeled as the outcome of a Bernoulli trial so that it equals 1 with 
probability πij and 0 otherwise. 
 

𝜃𝑖𝑗~𝐵𝑒𝑟𝑛𝑜𝑢𝑙𝑙𝑖 𝜋𝑖𝑗  
 
The probabilities of host use πij are modeled with logistic regression with host-parasite 
combination as a random effect.  

 

𝑙𝑜𝑔𝑖𝑡(𝜋
𝑖𝑗
) = 𝛼0 + 𝛼1𝑖𝑗 

 
The characteristic abundances λj are modeled with Poisson regression with parasite species as 
a random effect. 
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  Zebra (Hd) Donkey (Hd) 
Zebra (Hr) 1 ZIP model:  

0.5798 – 0.5815  
Mean model: 0.6788 

Donkey (Hr) ZIP model:  
0.9801 – 0.9834 
Mean model: 0.9936 
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A visualization of a bipartite network of zebra and horse parasites 
showing the overlap in parasite species and differences in abundance. 
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Contact j.g.walker@bristol.ac.uk. A PDF version of this poster can be found at 
http://interfacewalker.files.wordpress.com/2014/03/poster.pdf 
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